Abstract-We have demonstrated multi-step room-temperature smaller than the final pattern. Performing multiple aligned nanoimprint lithography (RTNIL) using polystyrene (PS, average sequential imprints at room temperature with such structures molecular weight 97 kg/mol) as the polymer layer for imprinting would allow one to create complex structures in a sample using complex patterns. In separate experiments, single, double, and simple template structures. Room-temperature nanoimprint multiple (up to 10) sequential imprint steps were performed at lithography (RTNIL) is the only viable approach to this imprint pressures between 1 to 30 MPa. To accomplish this problem, because the mold must be removed while the polymer demonstration, we designed and built a tool that controllably and pattern is incomplete, thus no curing of the film may occur. [3][4][5] [6] . But all of these existing sequential imprint steps was 500-nm.
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repeatedly translated and pressed a sample into a stationary mold. The demonstrated inter-step alignment accuracy of this This development can be thought of analogously to the tool was 500 nm. Results of these experiments revealed the development of the typewriter after the printing press. While a polymer deformation that results when nanoimprint is used to printing press can replicate large-scale molds (entire pages of further deform a previously structured surface. The molds used books) at high rates, in the typewriter, the smallest mold unit in these experiments consisted of 400-nm-period diffraction was a single letter. [2] , and room-best results, the alignment accuracy between multiple temperature NIL (RTNIL) [3] [4] [5] [6] . But all of these existing sequential imprint steps was 500-nm.
techniiques focus on pattern replication using one, or at most
The schematic diagram of the NIL tool is shown in Fig. 1 . two, imprint steps. To make arbitrary and complex patterns,
The tool consists of a sample chuck mounted to a linear x, y, z these techniiques thus require the pre-fabrication of a custom translation stage that was driven by computer-controlled template using some other form of lithography (typically stepper motors (Physik Instrumente). The mold was placed in a electron-beam lithography). Our motivation in pursuing multi-Newport kinematic optical mount that was fixed to a rigid step RTNML is to create a new pattern-generation method, able frame. The core unit of the mold was a fused silica plate. We to create complex and arbitrary patterns without requiring a used two types of molds: (1) silicon molds with the mold custom template for each new pattern. In our approach, the patterns etched into the silicon surface, and (2) fused silica extent of each of the staffing templates is only a fraction of the molds with the mold patterns etched into the fused silica extent of the desired final pattern; i.e., each template is much surface. The silicon molds were glued onto a fused silica plate
Thiswor wa suportd i pat byAFOR ad th Kal Cangthat was in turn mounted in the optical mount. The fused silica As a second step towards enabling multi-step RTNIL cycles III. ONE-STEP RoOM-TEMPERATURE NANoiMPRINT we performed two-step RTML cycles. We conducted two LITHOGRAPHY subsequent imprint steps onto the same area of the same As a first step towards performing multi-step RTNIL cycles imprint polymer layer with the same mold. We rotated the we investigated patterns fonned in a single imprint step.
mold by 900 between the txo imprint steps. Fig. 3 shows the results that we obtained from using the same molds, materials, The impnint molds used in this experiment were 400-nm-and imprint parameters as were uised in the one-step RTNIL penod grating structures etched to depths of 40 nm and 125 m results shown in Fig. 2 . During the first impnrnt step the graing into silicon. These molds were fabricated using a combination lines on the mold pointed in honrzontal direction. The two-step of interference lithography and reactive-ion etching (RIE Fig. 4a ). We fabricated a mold consisting of a variety that resuted in a completed MIT logo. Fig. 4b, c 
